Reaching the goal of good ecological status stipulated by the European Water Framework Directive (WFD) is generally difficult in German rivers. Appropriate habitat conditions for multiple and abundant incidence of flora and fauna are still missing. Existing water bodies, particularly in urban areas, are extremely affected by anthropogenic-induced pressures, resulting in reinforced river bottoms and river banks. In such regions, river rehabilitation is a challenging task and often requires a step by step approach to alter the given conditions. Nevertheless, work must be done and may create successful results as in the case of the Sprockhoevel creek. Over recent years this 11-km-long river in the western and industrialised part of the Ruhr River basin has partly been changed in shape to better resemble nature. Such change implies the widening of the river bed, the improvement of the river bottom by inserting natural gravel substrate, the removal of drop structures and the construction of a new river bed. Presently, this part of the river has again become a valuable habitat for aquatic life.
This requirement is challenging to fulfil in urbanized and industrialized areas, where rivers generally reveal conditions that have been altered by human activity for centuries.
STATUS AND RESTRICTIONS OF THE RIVERS IN THE RHINE-RUHR REGION
The status of most water bodies located in the Rhine-Ruhr region still reflects the above described situation. Historically, the Rhine-Ruhr region has experienced enormous pressure on its water resources due primarily to the high level of urbanisation and industrialisation. Despite fundamental structural change the Ruhr area has undergone since the peak of industrialization, the region continues to be characterised by high population density. Thus, it is no surprise that almost all water bodies, in particular the smaller ones in the urbanised zones, have been heavily regulated, reshaped and confined in concrete channels. Numerous water bodies in this region have been classified at level 5 or higher on the scale from 1 (unchanged) to 7 (completely modified) in the assessment of the hydromorphological water status (Landesumweltamt ). Only to the south of the Ruhr River do some less modified and more natural river stretches still exist. This situation is more or less ongoing, although some efforts to improve river morphology have begun (see Figure 1 ).
The aforementioned hydromorphological deficits find expression in the poor ecological condition of such rivers as well. Until recently, only 3% of 31 water bodies within the western part of the Ruhr River Bain exhibited good ecological status as demanded by the WFD; 81% were evaluated as poor or bad (MULNV ). As reducing the current pressures and improving the river's shape is necessary to fulfil the WFD requirements, river rehabilitation becomes a significant topic. However, changing the status of the region's rivers is a challenging task due to some essential limitations. For one, as such rivers were historically used as urban runoff and raw sewage transport media, many rivers flow mostly hidden from public view. Such implies that they may still be piped, covered or located in the background of urbanisation. Furthermore, the rivers are generally constricted in a given shape, lack the needed space, and are disconnected from their original floodplains. There is limited area available for river rehabilitation and enlargement, and when enough area does exist, it is often in competition with other possible uses. This situation could result in the use of suitable river rehabilitation land for commercial anthropogenic purposes. Such are the consequences of missing information and a lack of coordination within one department. In addition to the lack of available space for natural river rehabilitation, another restriction is the lack of needed resources. As river status improvement was historically regarded as strictly a water quality task, efforts were concentrated on improving waste water treatment plants and storm water facilities. Thus, rehabilitation measures such as maintaining natural river stretches and creating suitable habitat conditions for flora and fauna were not prioritized. In turn, only few personnel and small budgets are available to carry out the necessary task of achieving a good ecological status in the region's rivers. The lack of capital and operational experts has thus led to delays in designing, the prolongation of implementation, and late completion of projects.
Although the current system includes renewing the river basin management plans and programmes of measures every six years, it must be recognized that this administrative process alone is inadequate to achieve the desired goal. In order to overcome the most essential limitation, the missing area for river rehabilitation, coordinated agreements between agriculture and water-related authorities are needed in addition to individual negotiations with the affected landowners. Moreover, communal acceptance for river rehabilitation must be cultivated publicly and at the individual level of those using a river for commercial activity. It must be made clear that the investment in establishing a good ecological status is beneficial for sustainable natural resource use as well as for the long-term welfare of society.
POTENTIALS OF RIVER RESTORATION MEASURES
Despite the aforementioned limitations, authorities as well as other organisations responsible for river status are searching for ways to improve river continuity and river habitat conditions for flora and fauna. In the Rhine-Ruhr region, water bodies located south of the Ruhr River are generally the focus of river restoration measures. Due to the rural nature of this region, the water bodies have kept their natural appearance to a certain degree. However, several parts have been affected by industrial processes and urban development, resulting in straightened and reinforced river beds.
One of these water bodies is the 11-km-long Sprockhoe- The starting point was an area adjacent to a private garden cut through by the Sprockhoevel creek, which was practically straight jacketed between vertical concrete walls and brickwork sections at this point. At its narrowest point, the creek was just 1.30 m wide. After the demolition of the artificial structure of the bottom and rim, the crosssection of the water body was widened and its course slightly meandered. Where possible, the embankments were carried out with varying inclinations. In addition to the construction of a layer of willow brushwood (live fences of willow seedlings), which also serves as a natural bank protection, a horizontal 'green roof' provides shade.
Furthermore, some alder seedlings were planted within the water exchange zone. After completing such measures, the hydromorphological structure of the creek resembled its natural structure.
However, only 150 metres downstream of this 'new' river stretch, a big drop structure with a subsequent long culvert disrupted the continuity of Sprockhoevel creek (see Figure 2) . Thus, the next step of the agreed implementation procedure was the removal of that obstacle. Just above the drop structure, the course of the water body was heavily narrowed by the adjacent housing on the left side and its bottom was reinforced with placed stones.
The first thoughts of re-designing the river course at that section included the use of a nearby un-farmed meadow on the right side of the river suitable for bypassing the large drop structure via a natural little creek. But when discussing that idea with the staff of the city of Sprockhoevel responsible for river maintenance, it was learned that this area had been sold as a building plot to a property developer a few months previously. The new plot boundaries were drawn at the existing embankments and to further complicate matters, additionally raised by one metre. Thus, the only remaining solution was the development of a new structure within the longitudinal axis of the river. Construction of the new river bed was only possible within the limited given space and using the river itself as a construction site. This led to frequent interruptions, especially during flood periods, and an extension of the construction period.
Fortunately, the existing culvert was oversized for the given maximum runoff in the river. As the bottom of the culvert could be raised by 0.7 metres, the remaining height to overcome was decreased to 1.4 metres. In the area just before entering the culvert, the existing supporting walls Within that river stretch, a special facility -an old sluice gate as a relic of the past mining activities in the Rhine-Ruhr region -that was completely built in the cross section of the creek had to be addressed. This structure could not be removed and demolished because the municipal combined sewer, with a diameter of 700 mm, runs directly behind the existing concrete retaining wall. A realignment of this main collector would be too expensive, as it would be necessary to go into the basin area of the coal wash of the former colliery. For this reason and to preserve the sluice gate as a historical remembrance for the present generation, the existing total construction was maintained. To create a near natural river bed in that section, the concrete was covered with stone mattresses in a thickness of approx. 30 to 60 cm on the bottom and the embankments.
The last step was the removal of a drop structure two meters in height in the upstream part of the urban section of the Sprockhoevel creek. Due to the limited space, a bypass water course was created to receive all discharges up to the long term statistical flow of 330 days of a year (see Figure 3) . Every drop of water exceeding that value is drained via the old river section, which is controlled by a special dividing structure. The slope of that bypass reaches the upper limit of the typical slope for the given creek and creates flow velocities of up to 1.3 m/s.
The chronological development of these rehabilitation measures and their geographic position within the Sprockhoevel creek is depicted in Figure 4 appended by an additional measure near to the WFD monitoring site.
Ultimately, the project's costs must be mentioned. As the implementation measures have been carried out in an urban area characterised by limitations due to the given surrounding circumstances and difficult construction conditions, it may be no surprise that the costs were relatively high. All in all, an amount of about 775,000 € had to be spent including designing and construction costs. The Sprockhoevel creek was rehabilitated over a distance of 785 m which resulted in specific costs of almost 1,000 €/m at an average. However, these specific costs range from 650 €/m to 1,580 €/m depending on the individual implementation Moreover, it should be considered that the circumstances found there are more complex than in rural areas due to the given urbanised surrounding. Such situations may result in higher implementation costs as well.
RESULTS OF RIVER RESTORATION AT THE SPROCKHOEVEL CREEK
One year after finishing the first restoration measure, a small random test series was carried out in the rehabilitated section in spring 2011, which provided the first evidence of the measure's success. The total abundance of the species found was a sum of 22. Several important species had increased in abundance and new taxa were registered after such a short period of time. The saprobic index found corresponded to a good saprobic status according to the standards of the WFD. Additionally, the terrestrial animals benefitted as well, as many birds like dippers and even kingfishers chose the rehabilitated site as their new habitat.
Unfortunately, these developments find only little expression in the results of the monitoring investigations according to the standards of the WFD (see Table 1 Three years later, in spring 2016, the newest monitoring at that water body site took place. Regarding the discovered amount of 29 different taxa, a similar result to that in 2010 was found. However, the abundance showed an explosive growth up to 1,826 individuals per square metre. On the one hand that was mainly caused by the increase of Ephemeroptera and Gammaridea, but on the other hand, the family of Chironomidae also increased in abundance. Chironomidae mainly feed on fine organic material, which is normally a rare substrate in such a creek. As such, the increased abundance of this family indicates a disturbance in the ecosystem. Triggered by the mass incidence of Chironomidae, the determined ecological status for benthic invertebrate fauna deteriorated to only a moderate status. 
POSSIBLE IMPROVEMENTS IN THE APPLICATION OF THE WFD
Regarding the given delay in fulfilling the WFD require- 
